Background: Participation at the recommended intervals is critical for screening to be effective in reducing colorectal cancer (CRC) incidence. This study describes patterns of screening participation over four rounds of fecal immunochemical testing (FIT) to identify whether demographic variables and prior screening satisfaction are significantly associated with patterns of re-participation. Methods: Baseline surveys were mailed to 4000 South Australians randomly selected from the electoral-roll. Respondents (n = 1928/48.2%) were offered four annual FIT rounds. Screening participation and satisfaction at each round were recorded. Results: Study participation was 58.5, 66.9, 73.1 and 71.4% respectively over four rounds. Three participation patterns were described: consistent participation (43.1%), consistent non-participation (26.4%) and inconsistent participation (changeable; 30.5%), including intermittent and sustained change patterns. Sustained change described those who changed participatory behavior and then maintained for at least two rounds (n = 375/19.5%). Older people, and those not working were most likely to sustain participation. Younger invitees, especially men, were more likely to change participatory behavior and sustain the change. People with higher disadvantage, less education, not working and with no prior (pre-trial) screening experience were more likely to start participating and drop out. People dissatisfied with a prior screening test, including finding aspects embarrassing or unpleasant, were also more likely not to participate in annual screening or to drop out. Conclusions: The findings identify those at risk of non-or inconsistent participation in rescreening. They should aid targeting of interventions for demographic groups at risk and ensuring screening experiences are not perceived as unpleasant or difficult.
Background
Participation at recommended intervals in fecal-occult blood test-(FOBT)-based population screening for colorectal cancer (CRC), by either guaiac (gFOBT) or immunochemical FOBT (i.e., fecal immunochemical test [FIT] ) is associated with decreased population mortality [1] [2] [3] . For screening to work effectively to reduce population CRC burden, participation patterns should conform to evidence-based screening intervals. In Australia, guidelines recommend an interval of at least once every 2 years for average-risk people aged 50-75 [4] whereas the USA recommendation is annually after turning 50 [5] . The evidence base supports annual screening [1] .
Despite the evidence, participation and re-participation rates are sub-optimal in Australia and many other countries [6, 7] . Identifying demographic and other variables associated with participation, and particularly consistency in re-participation, would enable the identification of population subgroups that might benefit from additional support to screen, or events that might trigger withdrawal from re-screening, and help in the development of targeted interventions to improve outcomes.
Different cancer screening participation patterns have been described [8] : people who adhere to all screening offers (consistent participants); never participate (consistent non-participants); or participate inconsistently (intermittent/changeable). The latter includes those who respond to subsequent offers after rejecting the first (late entrants), those who participate initially but then "dropout" and those who screen sporadically. Testing whether these different patterns of inconsistency are behaviorally meaningful (i.e., reflect an underlying difference in attitude to, or perception of, screening) is important to assist in identifying strategies to optimize CRC prevention.
Some limited research has been undertaken investigating participants in cancer screening who "drop-out" of programs. This group has been contrasted with consistent participants and non-participants because they represent people who make a behavioral choice that is not sustained but may be amenable to change. For example, a study investigating participatory behavior over two rounds of mammography screening [9] found that women aged below 50 years who self-reported having a limiting long term illness were significantly more likely to be inconsistent screeners. In previous studies investigating CRC rescreening over three rounds, inconsistent screening was associated with a negative prior screening experience [10, 11] , as well as being younger, male, having reduced self-efficacy for screening, and lower perceived health practitioner support [11] . Non-participation in screening has also been associated with test type and fecal aversion [11] [12] [13] [14] . In one study [14] , normalising the fecal testing process by discussing it in a social setting led to subsequent participation in screening ('late entrant' participation). However, an analysis of only three rounds of participation is not sufficient to ascertain if changes are sustained over future rounds.
The extent of consistency in participation that represents a meaningful commitment to screening for CRC also remains to be determined. Clearly, there may be short-term reasons for non-participation; acute ill-health, postage failure, travel, or significant life challenges. The clearest indication of a problematic pattern of reparticipation is where a previously consistent screener becomes a consistent non-screener. Understanding such a sustained change might identify previously unknown barriers. Conversely, lessons can also be learned from success; identifying reasons for sustained change from previous non-participation to re-participation might provide information as to how to engage people in screening and sustain optimal behavior.
We aim to extend Lo et al. [10] and our own earlier findings [11] by exploring patterns of participation across four annual rounds of FIT screening provided to an Australian sample of the general population, and to identify factors associated with participation over time.
Methods

Study population
As described elsewhere [11] , a random sample of 4000 South Australian men and women aged 50-74 was drawn from the Australian Electoral Roll.
Study design
The study consisted of an initial Baseline survey and a subsequent screening phase (offered to those who completed the Baseline survey) conducted annually for 4 years. The Baseline survey is described elsewhere [15] .
Round 1 screening invitations were mailed to those who completed the Baseline survey from the Bowel Health Service at Repatriation General Hospital Daw Park between November 2008 and February 2009. Invitees received a screening invitation letter, 2 OC-Sensor sample tubes (Eiken Chemical Co., Japan), an instruction brochure, a participant details and consent form, a screening status form, a short survey regarding aspects of their screening experience, and a reply-paid envelope.
Subsequently, similar invitations were mailed in the last quarter of each year 2009-2011. With each invitation, participants received a survey to record screening experiences and satisfaction with the screening process. General satisfaction was measured with two items (satisfaction with the screening service and satisfaction with their decision) using a five-point Likert scale (1 = Very Satisfied to 5 = Very Unsatisfied). Participants also rated their positive (worthwhile, convenient, reassuring, easy to complete) and negative (embarrassing, unpleasant) screening experiences on a Likert scale (1 = Strongly Agree to 5 = Strongly Disagree).
All survey participants were mailed the four screening invitations irrespective of participation in prior screening rounds unless excluded from future FIT offers because they requested to opt out, or because they reported that they had completed investigations that precluded the need for further screening offers.
Participation in any round was defined as returning the two fecal samples from that round's offer at any time between the day after they were sent the screening offer and kit until the day they were sent the next offer and kit. Participation was coded as Yes or No. After four screening offers, 16 different behavioral response patterns were possible. These will be described in the Results section.
Analyses
Screening participation per round and longitudinally over rounds were described via frequency distributions, and Chi-Square analyses examined univariate differences between invitees in different participation categories. Differences between reported positive and negative experiences and subsequent screening behavior were investigated with t-test analyses. Binary logistic regression was used to determine whether initial or recent experiences had more impact on subsequent screening. Statistical Package for the Social Sciences (SPSS,v.19) was used.
Results
Survey-respondent characteristics
Baseline surveys were returned by 1928/4000 respondents (48.2%). Survey-respondents were 52.5% female (n = 1013), aged 50-75 (M = 60.32, SD = 6.60), and most were married (n = 1487, 77%). About half (50.7%, n = 953) were currently in the workforce (full or parttime) and unemployment was low (n = 56, 3%); other participants were retired or home carers. Most reported at least secondary school completion (n = 1238, 64.2%), and 50.2% of these had completed higher education. The majority (n = 1349, 70.0%) were born in Australia and spoke English at home (n = 1628, 84.4%); for others, the mean number of years in Australia was 40.69 (SD = 12.21). Only 20.5% (n = 395) reported no private health insurance, 18.2% (n = 350) reported a family history of CRC, which is slightly higher than the familial population rate of 10-15% reported by Kerber and colleagues in 2005 [16] .
Measuring relative socio-economic disadvantage based on post-code [17] showed low levels of disadvantage among participants with the index ranging from 756 to 1124 (M = 997.98,SD = 68.017), a range representative of 97% of the wider South Australian population as determined by the 2006 Census [18] . Table 1 presents the significant results of chi-square analyses. Comparisons between those who always participated (IN) and those who never did (OUT), showed IN respondents were more likely to be female, older (55-74), not working, and with prior (pre-study) FIT experience. When comparing IN with those who changed participation (CHANGE), the IN respondents were more likely to be married and also more likely to be older (55-74), not working and with prior FOBT experience. Comparing the CHANGE participants with those who never participated (OUT) showed the latter to be more likely to have no prior FOBT experience.
Demographic associations with participation patterns
Closer examination of the CHANGE group (comparing subsets of participatory behavior within the CHANGE group) showed that, where change in participation was sustained (C S , n = 375) rather than intermittent (C I , n = 310), the C S group was older (55-74), and male. Further exploration of the sustained change (Cs) participation pattern was done by comparing this group to those with a seemingly committed position, IN or OUT. When compared to those in the IN pattern, those who changed participation and sustained it (Cs) were more likely to be younger and male. When compared to the OUT group, the Cs group were more likely to be older and have some prior (pre-trial) FIT experience. Comparing consistently IN with C SIO (those in the Sustained Change category who changed from In to Out at any point after the first offer) revealed that those who dropped out were more likely to be male, younger (50-54), with higher economic disadvantage and no prior FIT experience. Conversely, when comparing consistently OUT with C SOI ( In at any point after the first offer,), the latter were significantly more likely to have prior FIT experience. Finally, comparing the Sustained Change categories C SIO (those who dropped out of annual screening) with C SOI (those who commenced participation after round 1), the 'late entrants' (C SOI ) were more likely to be in the workforce, have lower economic disadvantage, higher education, and prior FIT experience than the 'drop outs' (C SIO ). From these analyses, it appears that prior experience with FIT is a key factor in determining whether someone will respond to a re-screening offer.
Prior FIT experience and satisfaction
Prior (pre-trial) FIT experience was explored further to discern how it influenced the rescreening decision. Almost half of the respondents (47.8%: 922/1928) reported FIT experience prior to the study. Almost all of these (96.6%: 891/922) completed the optional baseline survey Table 2 ). Associations between prior (pre-study) FIT satisfaction and experiences and participation in subsequent rounds were also explored (see Table 2 ). Satisfaction with prestudy FIT screening from any source was significantly associated with subsequent participation; participants at each round reported higher prior FIT satisfaction compared to non-participants. In addition, non-participation in either Rounds 2 or 3 was associated with negative experiences (embarrassment and unpleasantness) reported at the previous screening round within the study. Being generally satisfied with screening Round 2 was associated with participation in Round 3. Conversely, Round 4 non-participants rated their general satisfaction in Round 3 higher than participants. Binary Logistic Regression analyses were undertaken to examine whether behavior (participation/non-participation) at Round 3 was predicted by the most recent or less recent FIT testing experience. The analysis was framed using a 2 block-entry method including the significant factors identified in the t-test analysis. The first block consisted of Round 1 negative experiences, and block 2 consisted of Round 2 negative experiences and Round 2 general satisfaction. Inclusion required completion of survey experience questions from both Round 1 and Round 2. This reduced the sample size to 536 participants and 47 non-participants. The outcome was non-participation in Round 3. All predictors analysed were non-significant. These results suggest that negative prior FIT experience at any previous FIT test, irrespective of its timing, was predictive of behavior at future FIT rounds.
Discussion
Most previous studies have examined participant CRC screening behavior over two [7, 8, 19] or three screening offers [11, 20, 21] , with only one recent populationbased, open-cohort study reporting [6] on four rounds. The current results concur with previous studies' findings that younger age groups do not participate as readily in re-screening as older people do [6, 11] . Describing participatory patterns can better help to identify groups in the population at risk of not-participating at all or dropping out altogether from re-participation offers so that targeted interventions can be developed and implemented [8] .
Although a strong and consistent finding in the screening literature is that male gender is a risk factor for non-compliance at first invitation [22] [23] [24] [25] , the results over multiple rounds suggest a possible cross-over or, at least, parity. In the UK [21] , at the first invitation round, men were less likely to adhere to the second round compared to women (OR 0.72, p < .001) and men who did participate were less likely to adhere to the second round compared to women (OR 0.93, p < .05). However, by the third round the difference in consistent participation was non-significant (OR 0.96). These results are consistent with our previous finding that, over three annual rounds of screening, males were more likely to initially refuse but participate in later rounds (RR = 1.77, p < .001) [11] . This pattern has been sustained in the fourth round. There was no significant difference in participation between males and females (70% males, 72.5% females, (χ2 (1) = .901, p = .343).
In the current study, as with previous research, participatory patterns were identified, and different demographic and behavioral variables were found to characterize consistent screeners, consistent non-screeners and inconsistent screeners [8, 11, 15] . People who consistently screened were older, especially women, and those with prior FIT participation. Results from the current study, similar to previous studies that have examined rescreening over two [8] or three [10, 11, 20] rounds, indicated that younger age (50-54 years), male gender and higher economic disadvantage emerged as the main risk factors for nonadherence to screening opportunities (OUT) or Changeable screening, (particularly to 'drop out').
Our results add to this previous research by examining screening patterns over four annual rounds, linking this to previous experience and demographics, and enabling the exploration of additional patterns within the 'CHANGE' category. Gender differences were found between those who screened intermittently (more likely to be female) and those who sustained their change in screening behavior (more likely to be male). Two additional patterns were identified within the Sustained Change category that differentiated between those who started screening and then discontinued (C SIO ), and those who came into screening later and stayed (C SOI ) with the latter being associated with having some prior (pre-trial) FIT experience, being in the workforce, of lower economic disadvantage and higher education. The 'drop out' participation pattern (C SIO ) was observed in people who had not screened before the trial, had lower education levels and higher unemployment. The development of specific interventions targeted to subgroups such as these could be valuable, not only to encourage awareness and screening uptake in the first instance, but once screened, to encourage regular re-screening.
Prior dis-satisfaction with FIT testing was consistently associated with the likelihood (or not) of re-participating, similar to our previous results with this population [11, 15] . We previously found [11] that low self-efficacy (low confidence in one's ability to do the screening activities) and low response efficacy (low confidence in the efficacy of the test itself) were associated with a non-participatory behavior pattern, a finding echoed by others [19, 26] . In addition, other researchers found that taking part in CRC rescreening would depend on not feeling too inconvenienced [27] . Results from the current study add to our previous findings that a previous negative experience, such as finding screening to be embarrassing or unpleasant, is associated with non-participation at any later rescreening round, even if that negative experience was well in the past. Other researchers have also demonstrated an association between negative prior experiences (embarrassment or disgust) and subsequent non-participation in re-screening for CRC [26] or breast cancer [28, 29] .
The results can be viewed as consistent with the conclusions from a meta-analysis which established that past behaviour predicts substantial variance in subsequent behaviour [30] . Even though rescreening behaviour occurs only infrequently, that is annually or biannually, its regularity and social endorsement, and association with past compliance, suggest that intention to rescreen (and rescreening itself ) are driven by cognitions that endorse the behaviour. Moreover, the significant negative association with previous dis-satisfaction further supports the largely planned, rather than habitual, nature of the behaviour. When developing interventions to educate people about CRC screening, and to take them through their first experience, care should be taken to make the experience as positive as possible to encourage screening maintenance.
Future interventions could include investigating the effect of different biological sample types, other than faeces, on screening participation and re-participation patterns. For example, in a recent Australian survey, participants overwhelmingly indicated a preference for a blood sample rather than the usual fecal sample for CRC screening [31] . In addition, future studies could examine the mode of screening kit delivery. In a French study [6, 20] , 'compliant' participants were more likely to have received their kits from their health care provider, and 'occasional' participants were those more likely to receive them by post. The role of the healthcare provider in providing information about, and support for, CRC screening should not be underestimated [32] . In addition, if healthcare providers are made more aware of the demographic risk factors associated with lower screening uptake, they may be better equipped to identify patients at risk of not following through with screening recommendations, and who may benefit from additional support, education and encouragement.
This study was not without limitations. By the fourth round of screening offers, whether the more recent or less recent experience had the greater impact on the Round 4 screening behavior was difficult to test reliably due to low sample numbers. In the current study we did not test whether kit return time, test result or prior colonoscopy attendance influenced sustained participation in screening beyond three rounds, and these variables may be worth investigating in the future because there is evidence from a recent study that all three variables are associated with reduced uptake in re-screening [10] . These variables may have influenced participation over four rounds in the current study; we found Round 3 negative experiences were not significantly associated with Round 4 non-participation. In contrast, the results showed that those who were generally satisfied with their screening in Round 3 were less likely to participate in Round 4.
Conclusions
The current study describes participation in four FIT screening rounds within a single cohort. This enables the development of a taxonomy of screening participation patterns including different forms of intermittency. Having greater information about factors associated with screening behavior provides the potential to identify demographic subgroups at risk and assist in the development of targeted interventions.
Subgroups likely to participate and re-participate in every rescreening offer are those who are older, female, not in the workforce and satisfied with a previous screening experience. People who start to participate in FIT screening and then change their participation and drop out (and sustain the change) are more likely to be male, younger, with lower education and no prior (pre-trial) FIT experience. In addition, the current study is the first to collect data about negative and positive FIT testing experiences prior to commencement of the program as well as at the end of each round of four rounds of offers. Negative prior experiences were found to be associated with future non-participation or a change in participation from 'in to out' up to the third, but not fourth, round of screening. Future interventions should investigate kit return time, test results and prior colonoscopy attendance as variables that may impact on the decision to rescreen, and focus on ensuring that the introduction into FIT screening is as positive an experience as possible to encourage maintenance in future screening activities. 
